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DYNAMIC WEAPON TO TARGET
ASSIGNMENT USING A CONTROL BASED
METHODOLOGY

FIELD OF THE DISCLOSURE

The present disclosure relates to weapon to target assign-
ment 1n a multiple projectile multiple target engagement
flight condition and more particularly to using a control
based methodology to dynamically assign each weapon to a
target after all projectiles are launched.

BACKGROUND OF THE DISCLOSURE

The Weapon to Target Assignment (WTA) function or
subsystem 1s a well-known 1ssue in the missile defense

realm and has become even more popular for two primary
missions: (1) Network Enabled Weapons (NEW) and (2)
Multiple Simultaneous Engagement Technologies (MSET)
missions. The WTA subsystem 1s typically implemented on
the ground and treated as an external component of the
overall missile defense system. Going back several decades,
there has been little consideration to individual missiles
having the capability as part of the onboard Guidance,
Navigation, and Control (GN&C) subsystems to carry out
such a decision making process in dynamically determining
which target the missile will engage with during the early
phases of a mission. Instead, missiles are typically pre-
committed 1n launch phase, or receive in-flight target
updates (IFTU) sent from a ground-based command center
up to a mid-course update to engage with relocatable targets.

In general, there are two primary types of WTA process-
ing: (1) Static WTA (SWTA) and (2) Dynamic WTA
(DWTA). In the static version of WTA, all weapons are
pre-assigned to incoming targets and simultaneously fired at
launch time. In other words, there 1s no WTA action com-
puted after launch time and damage assessment 1s made after
all weapon-target engagements have occurred, such as the
determination of the set of surviving targets for subsequent
engagement actions. One drawback associated with the
static WTA approach 1s that 1t cannot address time critical
and emerging targets such as relocatable targets or new
targets. Another drawback of static WTA 1s that 1t cannot
address new targets launched by an existing platiform that are
not known or present at the launch time. In the dynamic
version of WTA, weapons are allocated in multiple stages
during tly-out with the assumption that the outcomes (1.e.
survival or destruction of each target) of the weapon-target
engagements ol the previous stage are observed belore
assignment actions occur.

Wherelfore 1t 1s an object of the present disclosure to
overcome the above-mentioned shortcomings and draw-
backs associated with the conventional (static) weapon to
target assignment systems.

SUMMARY OF THE DISCLOSURE

It has been recognized that the ability to reassign multiple
projectiles while 1n flight to respective multiple targets in
motion or to newly emerging targets 1s highly important in
modern warfare. Modern wartare calls for smart weapons to
work 1n a collaborative network environment to communi-
cate with one another and determine which 1n bound target
cach projectile should mdividually go after in order to
maximize target destruction and minimize losses to assets
and personnel as part of a robust defense system.
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It 1s understood that an eflicient solution to the DWTA
problem 1s of great interest to the military. One reason for
this 1s that, 1n an engagement with the enemy, the problem
must be solved 1n real-time and subject to adversaries’ asset
deployment uncertainties. The enormous combinatorial
complexity of such a deployment uncertainty implies that,
even with the supercomputers available today, optimal solu-
tions cannot be obtained in real-time. One must therefore
develop good heuristics for solving this complex problem.

According to one embodiment the Weapon to Target
Assignment (WTA) algorithms developed herein function-
ally compute WTA actions 1n real-time using two types of
threat values evaluation: (1) “first see first shoot™ (1.e., first
projectile will engage with first target seen by a projectile)
and (2) closest distance (1.e., dynamically computing rela-
tive separation distances against all targets in motion during
fly out and assign projectile to hit the closest target). These
two criteria also accounts for factors such as the projectile
fin deflection angle motion with a secondary optimization
objective to assign projectiles with more fin pulling power to
the farthest targets 1n a weapon/target pairing.

One aspect of the present disclosure 1s a dynamic projec-
tile to target assignment system, comprising: at least one
targeting sensor being used to perform multiple target detec-
tion and measurements generation; the sensor with a mul-
tiple target detection and tracking (MT'T), data association
(DA), and track file management (TFM) subsystems, being,
interconnected with multiple projectiles via data link to be
configured to direct the following operations: process mul-
tiple target measurement data from the at least one sensor in
real-time to produce highly accurate multiple target state
estimate (I'SE) vectors; process multiple projectile measure-
ment data to produce highly accurate multiple projectile
state estimate (PSE) vectors to produce one or more poten-
tial projectile to target pairs; determine separation distances
between each of the one or more projectiles and each of the
one or more targets to prioritize projectile to target pairs
based on proximity; update and maintain the projectile to
target pairs as part of a TFM system; and feed output from
the TFM system to a projectile target assignment system to
calculate projectile guidance information such as a correct
acceleration profile to guide the one or more projectiles onto
an 1tercept course with the respective one or more targets
of the one or more projectile to target pairs. In one example
the projectile 1s guided to within a particular distance of the
target and neutralizes the target by target fusing, 1.e., deto-
nating an onboard explosive device when the distance to the
target becomes smaller than a predetermined value.

One embodiment of the system 1s wherein the sensor 1s
part of a fire control subsystem (FCS). In some cases, the
system further comprises a WTA cut-oil time for determin-
ing the one or more projectile to target pairs. In one
embodiment the at least one sensor 1s an EO/IR camera.

Another embodiment 1s wherein the target 1s on the
ground or in the air at low altitude. In some cases, the fire
control system 1s configured to perform surface-to-surface
and/or surface-to-air missions.

Yet another embodiment of the system further comprises
utilizing {in detlection data from the one or more projectiles
in selecting projectile to target pairs.

Still yet another embodiment of the system further com-
prises utilizing g pulling data from the one or more projec-
tiles 1n selecting projectile to target pairs.

Another aspect of the present disclosure 1s a method of
data association i a multi-projectile/multn target system,
comprising: processing data from at least one sensor in
real-time; detecting one or more targets using measurement
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data from the at least one sensor; processing multiple target
measurements and performing data association, multiple

target tracking, and track file management; feeding output of
the track file management to a dynamic weapon to target
assignment (DWTA) function; processing multiple target
state estimate vectors versus multiple projectile state vectors
to determine separation distances for all projectile to target
pairs; prioritizing projectile to target pairs based on prox-
imity; updating and maintaining the projectile to target pairs;
and calculating a correct acceleration profile to guide the one
or more projectiles onto a collision course with the respec-
tive one or more targets of the one or more projectile to
target pairs.

One embodiment of the method further comprises a
cut-oll time for determining the one or more projectile to
target pairs. In some cases, the sensor 1s part of a fire control
subsystem (FCS). In certain embodiments, the at least one
sensor 1s an EO/IR camera.

Another embodiment of the method 1s wherein the target
1s on the ground or in the air at low altitude. In some cases,
the fire control system 1s configured to perform surface-to-
surface and/or surface-to-air missions.

Yet another embodiment of the method further comprises
utilizing fin deflection data from the one or more projectiles
in selecting projectile to target pairs.

Still yet another embodiment of the method further com-
prises utilizing g pulling data from the one or more projec-
tiles 1n selecting projectile to target pairs.

Yet another aspect of the present disclosure 1s a computer
program product including one or more non-transitory
machine-readable mediums having operations encoded
thereon that, when executed by one or more processors,
result 1n a transform being applied to a received signal, the
operations comprising: processing data from at least one
sensor 1n real-time; detecting one or more targets and
producing multiple target measurements from the at least
one sensor driving a multiple target tracking (MTT) module
and a track file management (TFM) module to produce
multiple target state estimations (I'SEs) for use in dynamic
weapon to target assignment (DWTA) function processing;
the dynamic weapon to target assignment (DWTA) process-
ing determining separation distances between each of one or
more projectiles and each of one or more targets (via target
state estimations TSEs) to prioritize projectile to target pairs
based on proximity; updating and maintaining the projectile
to target pairs; and calculating a correct projectile guidance
information to guide the one or more projectiles onto an
intercept course with the respective one or more targets of
the one or more projectile to target pairs. In one example the
projectile guidance information i1s an acceleration profile.

These aspects of the disclosure are not meant to be
exclusive and other features, aspects, and advantages of the
present disclosure will be readily apparent to those of
ordinary skill in the art when read 1n conjunction with the
following description, appended claims, and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the disclosure will be apparent from the following
description of particular embodiments of the disclosure, as
illustrated 1n the accompanying drawings in which like
reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the disclosure.
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FIG. 1 shows a diagram ol one embodiment of the
dynamic weapon to target assignment system using a control

based methodology compared to a first see first shoot system
according to the principles of the present disclosure.

FIG. 2 shows a simulation of a conventional pre-planned,
first see first shoot sequentially ordered weapon target
assignment.

FIG. 3 shows a simulation for a dynamic weapon to target
assignment system using a control based methodology
according to one embodiment of the present disclosure.

FIG. 4A and FIG. 4B show simulations for a dynamic
weapon to target assignment system using a control based
methodology according to another embodiment of the pres-
ent disclosure with ground-based targets.

FIG. SA and FIG. 5B show simulations for a dynamic
weapon to target assignment system using a control based
methodology according to another embodiment of the pres-
ent disclosure with maneuvering flying targets.

FIG. 6 1s a tlow chart of one embodiment of a method of
the present disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(1]

In certain embodiments of the present disclosure, infor-
mation sharing among in flight missiles (or projectiles) 1s
done via modern data links with suflicient bandwidths,
speed, mtegrity and reliability. There, individual weapons’
states are transparent to all in-flight missiles and these data
are also accessible to a ground command center or a launch-
ing platform such as an aircraft or ground based launcher. In
some cases, these cross-link information exchange among
weapons are beneficial to the WTA function optimization
alter the communication up link from ground (or launching
platform) 1s cutodl.

In certain embodiments, the system disclosed herein
engages with targets viewed as being the largest threat to an
asset (after the target 1dentification stage). In certain cases,
those with the highest values are judged in the following
context: (1) a projectile sees a target first and will hit them
first (1.e., first see first shoot) and (2) a projectile will destroy
targets that are closest to a projectile since those are seen as
the most dangerous ones that could hit first. Therefore, 1n
certain embodiments those two criteria are employed as a
good heuristic approach carrying out the DWTA calculation
and performing the dynamic assignment action in real-time.

In some embodiments, sharable information about an
individual weapon’s control actuator dynamics and 1ts g
pulling capability vs multiple targets appears 1n a weapons’
onboard sensor FOV. This 1s 1n contrast to having the total
integrated battle space picture compiled by a ground com-
mand center. This improved data, now shareable to indi-
vidual weapons, clearly offers the WTA more options to
engage with the correct targets (1n the context of time critical
and emerging targets).

The WTA problem 1s generally formulated as a nonlinear
integer programming problem and 1s known to be NP-
complete. Various methods of combinatorial optimization to
solve NP-complete problems have been reported in the
literature. Previous WTA solutions have been developed 1n
the following directions: Branch and bound (B&B); Variable
Neighborhood Search (VNS); and using Genetic Algorithms
(GA).

The WTA solution of the present disclosure takes a
different path 1n at least the following contexts: 1) it is
dynamically shaped and computed using the actual dynamic
information of all weapons against all targets (1.e., separa-
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tion distance from all weapons to all targets); 2) 1t employs
these separation distances versus individual weapons’ g
pulling capabilities to complete the WTA; and 3) the solu-
tion 1s dynamic because separation distances are dynami-
cally varied based on the fly-out geometry while individual
weapons’ g pulling capabilities and their fin/canards deflec-
tion positions are dictated by the external environment such

[

as target maneuvering uncertainties (which primarily aflect
the target location uncertainties) and the original engage-
ment assignment 1n real-time.

In certain embodiments, the WTA of the present disclo-
sure 1s referred to as a Dynamic WTA (DWTA) and 1t uses
a control based methodology. The present solution 1s better
than current solutions for at least the following reasons: (1)
the present solution 1s a dynamic WTA (DWTA) rather than
a static WTA (SWTA), which 1s a single stage assignment
(1.e., constant assignment throughout the entire engagement
period); (2) the present DWTA solution has been carefully
tested via a high-fidelity simulation and 1t effectively
destroyed a group of targets using all in-tlight projectiles; (3)
the design rules are suitable for autonomous vehicles and 1s
extendable for time critical/sensitive target engagement; and
(4) the present DWTA has been implemented as a real-time
(implemented at the Fire Control Center or onboard a
weapon platiorm) software system (rather than pre-planning,
via a designated SWTA system).

One embodiment of the present disclosure employs sev-
eral design parameters: (1) minimum separation distance
among all targets vs all projectiles; (2) g pulling magnitude
51gnatures of multlple projectiles; and (3) WTA actions
settings via cut-ofl time. A joint condition of all three design
parameters can be optimized to achieve the most eflective
target destruction. In some cases, a design goal 1s to mini-
mize vulnerability and protect assets by engaging the closest
(confirmed) targets before the target can take actions against
the assets. In one embodiment, this includes using the
highest g magnitude data for the projectile (since that
weapon would be at full capacity and almost at maximum fin
deflection), while reserving low g pulling projectiles for the
targets having a longer separation distance.

Certain embodiments of the DWTA of the present disclo-
sure will be implemented on a Fire Control Center (FCC). In
some cases, the FCC will reside 1n a ground-based system or
in a mobile launching platform. The DWTA of the present
disclosure will be fed by several subsystems or components
as mput parameters for the system to optimize its decision
making process. Some subsystems include those that pro-
vide 1) weapon tlight time; 2) multiple track files; and 3)
weapon 1n thght dynamic mnformation (1.e., state vector and
vehicle mnformation like g (acceleration) dynamic pulling
vectors and fin/canards deflection information. In some
cases, the multiple track files are globally compiled via a
Global Nearest Neighbor (GNN) that 1s hosted by the FCC
and then uplinked to all of the individual weapons.

From a defense industry perspective, the DWTA of the
present disclosure can be applied to smart weapons operat-
ing as a team to coordinate and determine which projectile
should go after which target 1n order to achieve an end goal
mission 1n a multiple target engagement condition. In a
commercial context, the DWTA of the present disclosure can
be used to solve the Advanced Driver Assistance System
(ADAS) to achieve collision avoidance by using a minimum
separation distance of the driver’s vehicle versus all other
surrounding vehicles to determine proper actions for the
ADAS environment. Instead of engaging a nearest target
like 1n a weapon application presented herein, the driver’s
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6

vehicle would be alerted to prepare maneuvering actions to
avold mcoming traflic to a avoid collision.

One embodiment of the DWTA system of the present
disclosure utilizes the following:
function [y,IDs,proj_g mag|=DWTA({in,g_cmd,
dist,Proj, TSE,wta_option,wta_cutoll_time,last_assignment,
time)

% Variable Definition

% Input:

% fin_g_cmd=Commanded Acceleration in g to projectile
fin displacement

% dist_Proj_TSE_=Separation Distance Calculation from
projectile to target (TSE)

% wta_option_wta_cutofl_time=Time value used as cut-oil

time for no longer having

% WTA action
% Output:

y=1TSE_new=: Respective Target to Projectile Pairing
% IDs=Weapons 1D (in sequential order of launching time
and target assignment will be

% conducted 1n that order, e.g., [1,3] [2,
first element of the pair 1s
% weapon and second element 1s the target 1D)
% proj_g mag=Individual Projectile Acceleration in g or
m/s/s
% Dynamic Weapon to Target Assignment (DWTA) design
based on
% Projectile g pulling activity vs separation distance
%% determine nTarget and nProj based on the launching
platform capabilities
%%%0%6%0%0%6%%0%6%6%0%6%6%0%0%%0%6%6% % %% % %%
%%%0%9%0%6% %% %%
% determin nTarget and nProj based on the bus size
[nProj,~]=s1ze(Proj); % number of projectiles or weapons
in % tlight
[nTarget,~]=s1ze(ISE); % Number of targets to be
assigned to % number of projectiles
if time >wta_cutofl_time
IDs=last_assignment.';
proj_g_mag=zeros(1,nProj);
clse
% Projectile acceleration monitoring,
% vectorize g_cmd according to nProj and calculate
proj_g_mag
% etc.
g_cmd(3) 2):
g cmd_Matrix=reshape(g_cmd,3,nProy);
proj_g_mag=sqrt(sum(g_cmd_Matrix. 2));
% [proj_g_max, g max_1dx]=max(proj_g_mag);
% For clarity, calculate Distance for each Projectile to all
% Target first
w2tgt_sep=zeros(nProj,nTarget);
for 1=1:nProj
% Proj2TSE=Proj(1,1:3)-TSE(;,1:3); not work 1n simu-
link
Proj2TSE=repmat(Proj(1,1:3),nTarget,1)-"TSE(:,1:3);
w2tgt_sep(1,: )=sum((Proj2TSE. 2).");
end
Here, three major design parameters were accounted for
as part of the DWTA algorithm. They were the separation
distance among all pairs, the fin deflection and g pulling
capability of each weapon, and the time window the WTA
action setting threshold (cutoil time).
In certain embodiments, the following 1s utilized:
% Process w2tgt_sep to assign weapon to the target with the
shortest distance

41, [3,5] 1n which

projl_g mag=sqrt(g_cmd(1) 24+g_cmd(2) 2+
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% process 1n the order of weapon with the largest g first
if wta_option==2% joint dist and g_mag option
[srtGmag,srtldx]=sort(proj_g_mag,‘descend’);

clse % distance only

srtldx=1:nProj; % no g_mag

end

assignedlD=zeros(1,nProy);

for 1=1:nPro;j

% exclude based on the fin depression angle (will imple-

ment after

% closest distance 1s tested

[minV,minl]|=min(w2tgt_sep(srtldx(1),:));

assignedID(srtIdx(1) )=minl;

% assign i to w2tgt_sep of the target that got assigned

to take 1n

% out of next assignment consideration to avoid being

re-assigned

w2tgt_sep(:,minl)=int;

end

IDs=ass1gnedID;
end
% update TSC_new
TSE_new=1TSE(IDs,:);
y=18E_new;

In other embodiments of the WTA system of the present
disclosure, actual dynamic fin deflection angles are jointly
considered with g pulling magnitudes. In some cases, the
system provides for in-flight target updates and target swap-
ping capabilities via an onboard DWTA.

Referring to FIG. 1, a diagram of one embodiment of the
dynamic weapon to target assignment system using a control
based methodology compared to a first see first shoot system
according to the principles of the present disclosure is
shown. More specifically, a conventional, manual, pre-
planned weapon to target assignment (WTA) module 2 1s
shown having 1inputs of target state information 6, time, and
the first see, first shoot mput. This would mean that weapon
or projectile one would be programmed to go after target
one, weapon two would go after target two and so on. If
there were more targets than weapons then those additional
targets would not be neutralized, regardless of their location
or proximity to other assets.

Still referring to FIG. 1, one embodiment of the dynamic
weapon to target assignment system 1s shown. There, target
states 6 and time are also iputs for the system of the present
disclosure. However, 1 addition, the projectile (e.g.,
weapon) state information 8 1s mput, as well as dynamic
separation distance 10 between each weapon and each
target. G force information for each projectile 12 and
projectile fin deflection data 14 1s also mput for each of the
projectiles, or weapons 1n the system. The data 1s processed
and updated in real-time and the weapons are assigned to a
target that meets certain criteria. Each assignment 1s stored
in memory 16 and compared to the next calculated weapon/
target pairing to assign each weapon to the most appropriate
target at that particular point 1n time. In some cases, the
matching 1s based on proximity, or the closest target for each
weapon, respectively. In some cases, the matching might be
based on proximity, but will also consider the g forces for
cach particular weapon and 1ts fin detlection state to deter-
mine which weapon 1s best suited to change its assignment
and reach a newly designated target. For example, 1f one
weapon were slightly farther away but not moving at maxi-
mum speed 1t might be better suited to change designations
than a weapon that 1s closer 1 proximity but already at
maximum speed. Output from both the conventional system
2 and the dynamic weapon to target assignment system 4 are
IDs 20 and the weapon to target assignment 18. Additionally,
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the dynamic weapon to target assignment system 4 outputs
also include g force data 22 and 1n some cases an optional
WTA constant option 24.

Retferring to FIG. 2, a simulation of a conventional
pre-planned, first see first shoot sequentially ordered weapon
target assignment 1s shown. More specifically, each weapon
1-6 1s matched to each target 1-6. As seen 1n the plot, there
are two additional targets, 7 and 8. These targets are actually
closer 1n proximity to the weapons than targets 1 and 4, yet
they go untargeted and could potentially cause damage to
physical assets and/or personnel. This 1s known as a first see,
first shoot pre-planned sequential order system as found 1n
conventional WTA systems. The table 30 shows how each
weapon 1-6 1s matched to target 1-6, respectively. Note that
also 1n table 30, the g pulling magnmitudes of individual
projectiles are also displayed in the early phase of the
fly-out, while cut-ofl time action for WTA 32 1s set to 1 since
it 1s pre-assigned at the launch time.

Referring to FIG. 3, a simulation for a dynamic weapon
to target assignment system using a control based method-
ology according to one embodiment of the present disclo-
sure 1s shown. More specifically, here, two WTA critena are
used. They are closest target per weapon and joint closest
target and weapon g-pulling. As table 40a and Table 4056
show, bullet 1 1s matched to target 7, bullet 2 1s matched to
target 8, bullet 3 1s matched to target 5, bullet 4 1s matched
to target 3, bullet 5 1s matched to target 2, and bullet 6 1s
matched to target 1. This leaves targets 6 and 4 (the farthest
out) yet to be hit since they are not matching with our current
DWTA criteria selection. Under this DWTA selection, the
cut-oil time for DWTA action 42 1s set to 3 seconds allowing
the solution to be searched/computed during the first three
seconds of the fly-out. Table 40q represent during flight (see
g magnitude 1s not zero), and Table 405 represents at
end-game time (after hit) g pulling 1s zero. The cut-oil time
1s calculated based on several factors including the time 1t
takes to process the dynamic real-time data and determine
updates, the time 1t takes to transmit the updates to the
projectiles, and the time 1t takes for the projectiles to
implement the changes such that it can intercept the target.

Retferring to FIG. 4A and FIG. 4B, simulations for a
dynamic weapon to target assignment system using a control
based methodology according to another embodiment of the
present disclosure 1s shown. More specifically, FIG. 4A
illustrates the eflectiveness of the closest distance criterion
DWTA engagement for a two ground-based vehicle opera-
tion against a group of ground-based vehicles operated by an
adversary. Both Launcher 1 and Launcher 2 are seeing target
16 as their closest threat and autonomously go after this
target 16 while the rest of the targets are engaged accord-
ingly using the DWTA algorithm. Also in FIG. 4A, the
DWTA action cut-ofl time 1s set to 5 seconds while g pulling
magnitudes of individual projectiles are also considered as
part the DWTA decision making process. FIG. 4B presents
the effectiveness of the DWTA applied to a two ground-
based vehicle operation for which at end-game time, the two
ground-based vehicles have been able to destroy all targets
which are deemed to be the most eminent threats to the
assets. More specifically, here, several WTA criteria were
used. First, closest target per weapon and joint closest target
and weapon g-pulling are used.

As per standard protocol, only 6 weapons were fired at a
time so that 1s what was used 1n this simulation. Here, as
table 50a and Table 505 shows bullet 1 1s matched to target
8, bullet 2 1s matched to target 16, bullet 3 1s matched to
target 5, bullet 4 1s matched to target 4, bullet 5 1s matched
to target 6, and bullet 6 1s matched to target 1. Bullet 7 1s
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matched to target 16 (as was Launcher 1, bullet 2), bullet 8
1s matched to target 13, bullet 9 1s matched to target 14,
bullet 10 1s matched to target 12, bullet 11 1s matched to
target 10, and bullet 12 1s matched to target 15. This 1s an
in-thght, real-time dynamic weapon to target assignment
system. Table 50aq and 5056 represent during flight (see g
magnitude 1s not zero), and Table 50¢ and 50d represents at
end-game time (after hit) g pulling 1s zero. At end-game
time, the miss distances ranged from 1.5 m to 0.1 m.

Referring to FIG. SA and FIG. 5B, simulations for
dynamic weapon to target assignment systems using a
control based methodology according to another embodi-
ment of the present disclosure are shown. More specifically,
here, the DWTA has been applied to a maneuvering short air
defense (M-SHORAD) mission to engage with low altitude
UAVs operated by an adversary. FIG. 5A presents the early
fly-out portion of the mission which illustrate DWTA cut-oif
time set at 3 seconds and g pulling magmitude of individual
projectiles against respective UAVs. FIG. 3B presents the
end result of the mission which successiully destroyed all
the targets at end-game time using the proposed DWTA
presented 1n this present disclosure.

Here, as table 60a shows the dynamic WTA selects
different targets to engage based on a different cut-ofl time.
This relates to time sensitive target assignment and engage-
ment. Here, bullet 1 1s matched to target 8, bullet 2 1s
matched to target 7, bullet 3 1s matched to target 6, bullet 4
1s matched to target 3, bullet 5 1s matched to target 4, and
bullet 6 1s matched to target 1. This 1s an 1n-flight, real-time
dynamic weapon to target assignment system. Table 60a
represents during flight (see g magnitude 1s not zero), and
Table 605 represents at end-game time (after hit) g pulling
1s zero. At end-game time, the miss distances ranged from
2.4 m to less than 0.5 m.

Referring to FIG. 6, a tlow chart of one embodiment of a
method of the present disclosure 1s shown. More specifi-
cally, data from the at least one sensor 1s processed and 1n
one example the data i1s 1n real-time. One or more target
location measurements are detected for one or more targets
using the data from the at least one sensor to produce one or
more potential projectile to target pairs. Multiple target
measurements are processed and data association, multiple
target tracking, and track file management are preformed
102. Output of the track file management 1s fed to a dynamic
weapon to target assignment (DWTA) function 104. Mul-
tiple target state estimate vectors versus multiple projectile
state vectors are processed to determine separation distances
tor the projectile to target pairs 106. Projectile to target pairs
are prioritized based on proximity 108. The potential pro-
jectile to target pairs are updated and re-assigned as needed
and maintained as part of a track file management (TFM)
system 110. Correct acceleration profiles are calculated to
guide the one or more projectiles onto an 1ntercept course
with the respective one or more target of the one or more
projectile to target pairs 112.

The computer readable medium as described herein can
be a data storage device, or unit such as a magnetic disk,
magneto-optical disk, an optical disk, or a flash dnive.
Further, it will be appreciated that the term “memory” herein
1s intended to include various types of suitable data storage
media, whether permanent or temporary, such as transitory
clectronic memories, non-transitory computer-readable
medium and/or computer-writable medium.

The DWTA of the present disclosure may be implemented
as ground based software at the fire control center residing
in a ground-based vehicle or at a command and control
center, which may be supplied on a storage medium or via
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a transmission medium such as a local-area network or a
wide-area network. The DWTA described herein can also be
implemented on a larger weapon system as an onboard
DWTA for future missiles intended to operate 1n a collab-
orative environment. Data link 1s used for cross communi-
cating and data sharing among these smart weapons. It 1s to
be further understood that, because some of the constituent
system components and method steps depicted in the accom-
panying Figures can be implemented in software, the actual
connections between the systems components (or the pro-
cess steps) may differ depending upon the manner 1n which
the present system 1s programmed. Given the teachings of
the present system provided herein, one of ordinary skill in
the related art will be able to contemplate these and similar
implementations or configurations of the present system.

It 1s to be understood that the present mmvention can be
implemented in various forms of hardware, software, firm-
ware, special purpose processes, or a combination thereof. In
one embodiment, the present invention can be implemented
in software as an application program tangible embodied on
a computer readable program storage device. The applica-
tion program can be uploaded to, and executed by, a machine
comprising any suitable architecture.

While various embodiments of the present invention have
been described in detail, 1t 1s apparent that various modifi-
cations and alterations of those embodiments will occur to
and be readily apparent to those skilled in the art. However,
it 1s to be expressly understood that such modifications and
alterations are within the scope and spirit of the present
invention, as set forth in the appended claims. Further, the
invention(s) described herein 1s capable of other embodi-
ments and of being practiced or of being carried out in
various other related ways. In addition, 1t 1s to be understood
that the phraseology and terminology used herein 1s for the
purpose ol description and should not be regarded as lim-
iting. The use of “including,” “comprising,” or “having,”
and variations thereol herein, 1s meant to encompass the
items listed thereafter and equivalents thereof as well as
additional 1tems while only the terms “consisting of” and
“consisting only of” are to be construed in a limitative sense.

The foregoing description of the embodiments of the
present disclosure has been presented for the purposes of
illustration and description. It 1s not intended to be exhaus-
tive or to limit the present disclosure to the precise form
disclosed. Many modifications and variations are possible 1n
light of this disclosure. It 1s intended that the scope of the
present disclosure be limited not by this detailed description,
but rather by the claims appended hereto.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made without departing from the scope of the
disclosure. Although operations are depicted 1n the drawings
in a particular order, this should not be understood as
requiring that such operations be performed 1n the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results.

While the principles of the disclosure have been described
herein, 1t 1s to be understood by those skilled 1n the art that
this description 1s made only by way of example and not as
a limitation as to the scope of the disclosure. Other embodi-
ments are contemplated within the scope of the present
disclosure 1n addition to the exemplary embodiments shown
and described herein. Modifications and substitutions by one
of ordinary skill 1in the art are considered to be within the
scope of the present disclosure.

22
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What 1s claimed:

1. A dynamic projectile to target assignment system,
comprising;

one or more processors present on a field programmable

gate array (FPGA) configured to execute the instruc-
tions stored on the FPGA, wherein execution of the
istructions causes the one or more processors to
perform the following:

process a plurality of target measurement data to produce

multiple target state estimate vectors;

process a plurality of projectile measurement data to

produce multiple projectile state vectors to produce one
or more potential projectile to target pairs;

determine separation distances between each of the one or

more projectiles and each of the one or more targets
from the potential projectile to target pairs;

matching based on proximity and g pulling magnitude to

produce one or more updated projectile to target pairs;

maintain the updated projectile to target pairs as part of a

track file management system; and

feed output from the track file management system to a

projectile target assignment to calculate a correct accel-
cration profile to guide the one or more projectiles to
intercept the respective one or more targets.

2. The system according to claim 1, further comprising at
least one sensor being used to provide multiple target
detection and measurements generation; the sensor being 1n
communication with a multiple target detection and tracking
(MTT), data association (DA), and track file management
(TFM) subsystems.

3. The system according to claim 2, wherein the fire
control system 1s designed in a ground-based system or 1n a
mobile launching platform.

4. The system according to claim 1, wherein the sensor 1s
part of a fire control subsystem (FCS).

5. The system according to claim 1, further comprising a
cut-oll time for determining the one or more projectile to
target pairs.

6. The system according to claim 1, wherein the at least
one sensor 1s an electro-optical/intrared (EO/IR) camera.

7. The system according to claim 1, wherein the target 1s
on the ground or in the air at low altitude.

8. The system according to claim 1, further comprising
utilizing fin deflection data from the one or more projectiles
to produce the one or more updated projectile to target pairs.

9. The system according to claim 1, further comprising
matching the projectile to target pairs to intercept a diflerent
one of the one or more targets, thereby allowing the one or
more projectiles to reach a newly designated target.

10. A method of data association i a multi-projectile/
mult1 target system, comprising;:

processing data from at least one sensor in real-time;

detecting one or more targets using measurement data

from the at least one sensor;

processing multiple target measurements and performing

data association, multiple target tracking, and track file
management;

processing multiple target state estimate vectors versus

multiple projectile state vectors to determine separation
distances for the projectile to target pairs;

prioritizing projectile to target pairs based on proximity;

updating and maintaiming the projectile to target pairs;

calculating a correct acceleration profile to guide the one
or more projectiles to intercept the respective one or
more targets ol the one or more projectile to target
pairs; and
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re-assigning the one or more projectiles during flight to
intercept a diflerent one of the one or more targets,
thereby allowing the one or more projectiles to reach a
newly designated target

11. The method according to claim 10, further comprising
a cut-oll time for determinming the one or more projectile to
target pairs.

12. The method according to claim 10, wherein the sensor
1s part of a fire control subsystem (FCS).

13. The method according to claim 12, wherein the fire
control system 1s designed in a ground-based system or 1n a
mobile launching platform.

14. The method according to claim 10, wherein the at least
one sensor 1s an electro-optical/infrared (EO/IR) camera.

15. The method according to claim 10, wherein the target
1s on the ground or in the air at low altitude.

16. The method according to claim 10, further comprising
utilizing fin deflection data from the one or more projectiles
in selecting projectile to target pairs.

17. The method according to claim 10, further comprising
utilizing g pulling data from the one or more projectiles in
selecting projectile to target pairs.

18. A computer program product including one or more
non-transitory machine-readable mediums having opera-
tions encoded thereon that, when executed by one or more
processors, result in guidance mformation being applied to
a projectile, the operations comprising:

processing data from at least one sensor;

detecting one or more targets and producing correspond-
ing target measurements from at least the one sensor
data to produce target state estimations (I'SEs);

processing a plurality of projectile measurement data to
produce one or more projectile state estimate (PSE)
vectors to produce one or more potential projectile to
target pairs;

determiming separation distances between each of the one
or more projectiles and each of the one or more targets

using the TSEs to prioritize projectile to target pairs
based on proximity;

calculating a correct guidance information to guide the
one or more projectiles onto an intercept course with
the respective one or more targets by the one or more
projectile to target pairs;

determining separation distances between each of the one

or more projectiles and each of the one or more targets
from the potential projectile to target pairs;

matching the projectile to target pairs based on proximity
and g pulling magnitude to produce one or more
updated projectile to target pairs;

updating and maintaining the updated projectile to target
pairs as part of a track file management (TFM) system;

feeding output from the track file management (TFM)
system to a projectile target assignment system to
calculate a correct acceleration profile to guide the one
or more projectiles onto a collision course with to
intercept the respective one or more targets of the one
or more projectile to target pairs.

19. The computer program product according to claim 18,
further comprising utilizing fin deflection data from the one
or more projectiles to produce the one or more updated
projectile to target pairs.
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